Twenty-three subjects were excluded due to missing FNA, histopathology results or both. The sensitivity, specificity, negative predictive value, and positive predictive value of FNA for detecting malignant lesions were estimated and compared with the gold standard, histopathology.
T he parotid glands are the largest major salivary glands, and play an important role as exocrine glands, which aid in the process of mastication and swallowing.
1,2 Salivary gland cancers account for approximately 3% to 6% of all head and neck tumors, with an overall world-wide incidence of approximately 0.4 -13.5 cases per 100,000 diagnosed each year; of these, 80% are located in the parotid glands. 3, 4 Many non-neoplastic, benign neoplasms, and malignant neoplastic diseases originate in the parotid gland. 5, 6 Of these, mucoepidermoid carcinomas are the most common. 1 Parotid gland cancer is a rare malignancy, and can be an aggressive form of salivary gland cancer if not detected at an early stage. 1, 2, 5, 7 However, most parotid gland cancers can be treated effectively, if detected in the early stages. 1 In general, parotid cancers can originate as primary cancers, or as metastases from adjacent structures. 2, 8 Diagnostically, it can be difficult to differentiate between primary and secondary lesions. 1, 2, 8 Previous studies have shown that older age, male gender, a tumor size ≥4 cm, extraparenchymal extensions, cervical nodal metastasis, and distant metastasis, are all associated with a decreased survival rate. 8 A preoperative understanding of the nature of parotid tumors, such as their invasive capacity, is of significant importance, as this can determine the optimum surgical approach and treatment plan. Unfortunately, differentiation between benign and malignant parotid tumors cannot be carried out using simple physical examination or radiographic analysis. [9] [10] [11] In our institution, the standard methods for the preoperative assessment of parotid lesions include CT scans and fine needle aspiration (FNA). Fine-needle aspiration is the main initial diagnostic tool for head and neck masses. 12 It is widely used preoperatively, because it is a safe, cost effective, rapid, and painless procedure, compared to histopathology methods, which are the gold standard for analyzing parotid tumors. 5, 9 When FNA is performed by experienced operators and interpreted in the context of clinical information, it can be a highly effective test for diagnosing the nature of the tumor. 12 However, the accuracy of FNA is operator dependent, and varies between clinics. Furthermore, some studies have suggested that the use of FNA could lead to possible neoplastic cells seeding. 13, 14 The aim of our study was to determine the diagnostic accuracy of FNA for detecting malignant parotid tumors preoperatively, in King Abdulaziz University (KAU) Hospital, Jeddah, Saudi Arabia, in which FNA accuracy had not been previously assessed.
Methods. We performed a retrospective study of all patients diagnosed with benign or malignant parotid gland tumors in KAU Hospital in Jeddah, between January 2004 and May 2015. This study was approved by the King Abdulaziz University research ethics board and the need for consent was waived (Application no. 237-15).
Data collected were (i) patient demographic factors, including age and gender; (ii) lesion characteristics, including depth and loci of the tumor (superficial lobe/ deep lobe/both lobes), and lesion size; (iii) patients' previous history of cancer; and (iv) FNA method used (ultrasound-guided, direct, indirect). The characteristics of patients and lesions were compared as frequencies and percentages for categorical variables, and means and standard deviation for continuous variables. Patient age and tumor size data were collected as continuous variables. Tumor size was categorized into 2 categories, using the 50th percentile (4 cm) as a cut-off point. All other variables were treated as categorical variables.
Histopathology and FNA data collection and statistical analyses. Information concerning histopathological and FNA diagnoses were collected from medical charts and the hospital database. Pathologists within a central laboratory in KAU Hospital performed all diagnostic analyses. The proportions of each disease category diagnosed by histopathology and FNA were calculated. We categorized FNA and histopathology results into 3 categories: benign, malignant, or insufficient for diagnosis. For each case, the results from FNA examinations were compared with histopathology results. Subjects diagnosed with a malignancy by both histological examination and FNA analysis were considered true positives (TP), and those who had no malignancy on both FNA and histopathology were classified as true negatives (TN). Subjects were categorized as false positives (FP), when malignancy was diagnosed by FNA, but not histopathology. When malignancy was detected using histopathology but FNA failed to identify it, subjects were categorized as false negatives (FN). The sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV) for detecting malignant lesions by FNA were estimated based on the histopathology results.
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For these calculations, the following formula were used: 15 Results. Subject and lesion characteristics. Initially, 65 parotidectomy cases were identified. We excluded 3 subjects with missing histopathology results, 19 subjects with missing FNA findings or for whom FNA was not performed, and one subject with missing histopathology and FNA results.
A total of 43 patients were included in the final analysis. The included patient and lesion characteristics are presented in Table 1 . The mean age of the participants was 41.2 ± 18.2 years, with equal proportions of males and females. Eighty-one percent of the participants had no previous history of cancer. Forty-nine percent of the tumors were larger than 4 mm in size, intraoperatively; the remaining lesions were smaller. The superficial lobe was affected in 65% of cases, followed by 14% for deep lobes and 21% for both lobes. Fine needle aspiration diagnoses were obtained using the direct FNA method in 49% of the cases, whereas 39.5% were performed using ultrasound guidance. The FNA method used for the remaining cases was unknown. Tumor classification using fine needle aspiration. Of the 43 cases included in the final analysis, the FNA results of 5 were inconclusive. Of the 38 conclusive aspirations, 3 were malignant and 35 were benign ( Table 2) . Pleomorphic adenoma or mixed tumors were the most common benign lesions (n=30; 86%), and the remainder was one of each of the following lesions, monomorphic adenoma, Warthin's tumor, benign lymphoepithelial cell, benign acinar cell, and scanty lymphoid cell lesions. The 3 malignant lesions diagnosed by FNA were mucoepidermoid carcinoma, acinic cell carcinoma, and squamous cell carcinoma SCC.
Tumor classification using histopathology. Acinic cell carcinoma was the most common malignant condition diagnosed by histopathology (43% of cases). Consistent case had malignant epithelial/myoepithelial carcinoma, based on histopathological examination; however, these cases were diagnosed as benign pleomorphic adenomas or mixed tumors using FNA ( Table 3) . There were no false positive results.
The prevalence of parotid masses in the study sample; and the diagnostic efficacy of FNA for determining parotid malignancy, including specificity, sensitivity, PPV, NPV, and diagnostic accuracy, are presented in Table 4 .
Discussion. The main purpose of performing FNA prior to parotid surgery is to differentiate benign from malignant disease. As an initial diagnostic tool, FNA methods allow clinicians to determine whether surgery is necessary, and to determine the extent of surgery required. This approach has resulted in a significant reduction in the number of surgical procedures used to treat salivary gland swellings by approximately 30%; however, surgical biopsy and subsequent histopathology analysis is still considered the gold standard for assessing tumor metastatic potential. 10 Previous studies have claimed that in most cases, FNA is unsuitable or unnecessary, due to its low sensitivity, high rate of false negatives, and because the anatomical location of the lesion is more important for determining the appropriate surgical approach. 16 Importantly, surgical biopsies can lead to significant complications for the patient, such as fistula formation, tumor implantation, and facial nerve damage; and are also prone to sampling errors, namely, the failure to obtain an effective representation of cells from the tumor. 10, 16 Hence, an advantage of FNA is that it allows surgeons to discuss treatment options with patients prior to performing more invasive procedures, and in some cases prevent unnecessary surgeries.
Similar studies have reported the accuracy of FNA ranging from 69% to 98%, and specificities ranging from 88% to 100%. In comparison, our results suggest a lower sensitivity ranging from 52% to 98%; the inconsistency between our findings and previous reports could be due to our limited sample size. Furthermore, most studies analyzed general salivary gland tumors, whereas we selectively analyzed parotid gland tumors. A detailed comparison between the diagnostic capabilities of FNA for salivary gland tumor reported in other studies, and the present findings, is presented in Table 5 .
These previous studies have highlighted high rates of false negatives and low sensitivity as major limitations to the application of FNA for assessing salivary gland malignancy. [16] [17] [18] These contradictory findings could with the FNA examination results, pleomorphic adenomas or mixed tumor types were the most common benign conditions (64%) ( Table 2) .
Accuracy of FNA diagnoses. To determine the FNA diagnostic efficacy, the FNA diagnosis for each case was compared with the histopathological diagnosis, as illustrated in Table 3 . Cases with insufficient FNA results were excluded from further analyses. In most cases, there was an agreement between the FNA and histopathological diagnoses; however, exact disease classification required further diagnostic tests for some subjects. There were 3 false negatives, of which 2 subjects were diagnosed with acinic cell carcinomas, and one Saudi Med J 2017; Vol. 38 (10) www.smj.org.sa have resulted from our small sample size, in which larger studies would be more likely to encounter false positives; therefore, reducing the PPV and specificity. 19 In the present study, 3 of 6 malignant lesions detected using histopathology were missed by FNA, which could be attributed to problems with the sampling technique. This resulted in a sensitivity of only 50%. Additionally, 5 FNA specimens were insufficient for diagnosis, due to large amounts of blood or scanty tissue sampling. However, the specificity of FNA in this study was 100%, which suggests that FNA has a very low likelihood of falsely diagnosing non-malignant parotid growths as cancerous. Previously reported PPVs for FNA of salivary gland lesions ranged from 78-100%, and
NPVs ranged from 85-98%. 9, 16, [20] [21] [22] The PPV of FNA calculated for the present study was 100%, and the NPV was 91.4%. Our PPV was likely higher compared to previous reports, due to the absence of false positives, which could be attributed to the small sample size and low prevalence of malignancy in parotid tumors. Additionally, variables such as the pathologist's level of experience, FNA technique, promptness of sample evaluation, and sampling errors, might influence the accuracy of FNA for diagnosing malignancy in parotid masses. For this reason, many institutions recommended the use of ultrasonography assisted FNA, in order to reduce the likelihood of sample errors. 23, 24 The limited sample size in our study, and absence of information in medical records regarding some of these factors, prevented us from performing multivariate analyses, to assess the broader determinants of FNA accuracy for parotid cancer diagnosis.
The retrospective nature of this study was another limitation. Inadequate data in some medical records was evident during data extraction. We therefore recommend further measures be taken in KAU Hospital, to ensure that sufficient and accurate medical records are obtained in the future. Access to a more comprehensive database will enhance superior patient care, and enable conducting future studies to understand parotid malignancies, and improve the accuracy of diagnosing parotid gland cancers.
In conclusion, based on our findings, FNA is a highly specific, but only moderately sensitive test. We support its application as an initial tool for diagnosing parotid gland malignancies; it is a relatively safe, rapid and non-invasive approach, compared to the surgical biopsies. However, future studies are required, to assess factors related to accuracy of FNA diagnosis, which can vary significantly. A more comprehensive evaluation of this technique, and a comparison of the different methods, such as ultrasound-guided FNA, will help to inform clinicians and surgeons on the best approach to diagnosing and treating parotid tumors.
